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© Chromatographic binding assay devices and methods. 



© An assay device, method and kit for detecting or quantitating an analyte in a test sample containing or 
suspected of containing an analyte of interest. The analytical device comprises a chromatographic material 

-^■containing a capture reagent, immobilized in a capture situs, and an application pad which receives the test 
sample and contains a diffusive indicator reagent capable of migrating from the application pad to the 
chromatographic material. The binding of the indicator reagent results in a detectable signal. Preferably, the 

12 device includes all of the reagents necessary to perform the assay. 
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Chromatographic Binding Assay Devices and Methods 



This application is a continuation-in-part of Serial No. 135,810, filed December 21. 1987. 

BACKGROUND OF THE INVENTION 
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1 Field of the Invention 

The present invention relates to a ncfvel test device for detecting an analyte in a test sample by means 
of a chromatographic binding assay. In particular, this invention relates to a novel test device for the 
chromatographic quantitation or semiquantitation of analytes and to methods for using such devices. 



ts 2. Description of Related Art 

in the development of the medical diagnostics field, there has been explosive growth in the number of 
substances to be detected in physiological test samples. Various analytical procedures are commonly used 
in diagnostic assays to determine the presence and/or amount of these substances of interest or clinical 

20 significance. These clinically significant or interesting substances are commonly referred to as analytes. 
Diagnostic assays have become an indispensable means for detecting analytes in test samples, and for the 
most part the medical profession has used highly automated clinical laboratories and sophisticated 
equipment for these determinations. 

There is, however, an expanding need for having analytical capabilities in doctors 1 offices and in the 

25 home. Together with the diagnosis of disease, there is a growing need to monitor the effects of drug 
therapy and chronic illness, to detect the use of drugs of abuse and to detect the presence of contaminants. 

Numerous approaches have been developed toward this end, depending to varying degrees on 
instrumental or visual observation of the assay result. Typical of these methods are the so called -"dipstick" 
and "flow-through" devices and methods. The dipstick generally uses a plastic strip with a reagent- 

30 containing matrix layered thereon. A test sample is applied to the device, and the presence of the analyte is 
indicated by a visually detectable signal such as a color-forming reaction. The flow-through device generally 
uses a porous material with a reagent-containing matrix layered thereon or incorporated therein. Test 
' sampie is applied to and flows through the porous material, and analyte in the sample reacts with the 
reagent(s) to produce a detectable signal on the porous material. 

35 While such devices have proven useful for the qualitative determination of the presence of analytes, 
they are not particularly useful for. making quantitative distinctions. In addition, typical conventional assay 
devices often require a number of manipulative steps, for example, the addition and incubation of assay 
reagents and the need for intermediate washing steps. These complex devices and methods are time 
consuming and require the close attention of a user who, depending on the device, must time the various 

40 assay steps and in some cases measure the reagents to be added. Accordingly, there remains a need for 
new devices which are easy to use, accurate and rapid and which allow for quantitative or semi-quantitative 
analytical testing. 

45 3. Brief Description of the Relevant Literature 

Hochstrasser (U.S. Pat 4,059,407) discloses a dipstick device which can be immersed in a biological 
fluid to semi-quantitate analyte in the fluid. Semi-quantitation of the analyte is accomplished by using a 
series of reagent-containing pads wherein each pad in the series will produce a detectable color (i.e., a 
so positive result) in the presence of an increasing amount of analyte. Also of interest in the area of dipstick 
devices are U.S. Pat. Nos. 3,802,842, 3,915,639 and 4,689,309. 

Deutsch et al. describe a quantitative chromatographic test strip device in U.S. Pat. Nos. 4,094,647, 
4,235,601 and 4,361 ,537. The device comprises a material capable of transporting a solution by capillary 
action, i.e.. wicking. Different areas or zones in the strip contain the reagents needed to produce a 
detectable signal as the analyte is transported to or through such zones. The device is suited for both 
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chemical assays,and binding assays which are typified by the binding reaction between an antigen and its 
complementary antibody. 

Many variations on the Deutsch et al. device have been disclosed. For example, Tom et a(. (U.S. Pat. 
No, 4,366,241) disclose a bibulous strip with an immunosorbing zone to which the test sample is applied. 

5 Grubb et al. (U.S. Pat. No. 4,168,146) describe the use of a porous test strip material to which is covalently 
bound an antigen-specific antibody. In performance of an assay, the test strip is immersed in a solution 
suspected of containing an antigen, and capillary migration of the solution up the test strip is allowed to 
occur. As the antigen moves up the test strip it binds to the immobilized antigen-specific antibody. The 
presence of antigen is then determined by wetting the strip with a second antigen-specific antibody to 

w which a fluorescent or enzyme label is covalently bound. Quantitative testing can be achieved by measuring 
the length of the strip that contains bound antigen. Variations on such a test strip are disclosed in U.S. Pat. 
Nos. 4,435,504 which employs a two enzyme indicator system; 4,594,327 which discloses the addition of a 
binding agent to whole blood samples which causes the red blood cells to aggregate at the area of the strip 
adjacent to the air liquid interface; and 4,757,004 which discloses a means for controlling the shape of the 

75 fluid front migrating along the test strip. Zuk et al., Enzyme immunochromatography -A Quantitative 
Immunoassay Requiring No Instrumentation, Clinical Chemistry, 31 (7): 144-1150, 1985, further describe 
the assay principle. Also of interest are U.S. Pat. Nos. 4,298.688; 4,517,288 and 4,740,468; E.P. Publication 
Nos. 88,636; 259,157; and 267,006; and DE Pat. No. 3,445,816 

Flow-through assay devices are described in U.S. Pat. Nos. 3.825,410; 3.888,629; 4.446,232; 4,587,102; 

20 4,632,901; 4,637,978 and 4,727,019; and E.P. Publication Nos. 212,603; 217,403 and 249,851. 



SUMMARY OF THE INVENTION 

25 

The present invention provides assay devices, methods and kits for determining the presence or 
amount of an analyte in a test sample containing or suspected of containing an analyte of interest. The 
assay device comprises a chromatographic material having a proximal end and a distal end, wherein the 
test sample can travel from the proximal end to the distal end by capillary action. The chromatographic . 

30 material contains a capture reagent, immobilized in a capture situs, that is capable of binding to a member 
selected from the group consisting of the analyte, an ancillary specific binding member and an indicator 
reagent. An application pad is in fluid flow contact with the proximal end of the chromatographic material; 
the application pad receives the test sample and contains a diffusive indicator reagent capable of migrating 
from the application pad to the chromatographic material. The indicator reagent is capable of binding to a 

35 member selected from the group consisting of the analyte, an ancillary specific binding member and the 
capture reagent. The binding of the indicator reagent results in a detectable signal at the capture situs 
thereby indicating the presence or amount of the analyte in the test sample. The capture reagent can be 
positioned upon or within the chromatographic material in a variety of configurations 

The assay method involves " placing a test sample suspected of containing the analyte onto the 

40 application pad. thereby contacting the indicator reagent. The test sample and the indicator reagent are 
transferred to the chromatographic material, and migrate through the chromatographic material to contact 
the capture reagent, resulting in the production of a detectable signal at the capture situs. 

The test kit of the invention includes the analytical device; preferably the device includes the reagents 
used in the assay. The device and test kit can optionally and preferably include a housing which prevents 

45 the test sample from directly contacting the chromatographic material and which includes means for 
applying the test sample to the application pad. 

BRIEF DESCRIPTION OF THE FIGURES 

50 

Figure 1 is an exploded view of a device of the present invention having optional, preferred embodi- 
ments. 

55 

DETAILED DESCRIPTION OF THE INVENTION 
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This invention provides assay devices and methods, where the devices use a chromatographic materia! 
capable of transporting liquids and an application pad which functions to regulate the flow of test samples to 
the chromatographic material, to filter the test samples and to mix the assay reagents. The assay reagents 
are incorporated within the application pad and the chromatographic material and display a detectable 
5 signal in the presence of analyte. By varying the configuration of reagent-containing sites on the chromatog- 
raphic material, qualitative and quantitative displays of assay results can be obtained. The devices can be 
formatted to perform binding assays, such as the complementary binding of an antigen and antibody. The 
detectable signal resulting from the binding assay can then be detected by instrumentation or direct visual 
observation. 

70 in use of an assay device according to the invention, a test sample, which can be a liquid which is used 
directly as obtained from the source, or which has been pretreated in a variety of ways so as to modify its 
character, is introduced to the device through the application pad. The sample passes through the 
application pad, where it contacts one or more reagents involved in producing the assay reaction, to the 
chromatographic material through which the test sample will wick and in which it will encounter one or more 

75 additional reagents involved in producing the detectable signal. 

Virtually any liquid sample can be used, so long as the sample has a reasonable rate of passage 
through the application pad and a reasonable rate of transport along the chromatographic material. The test 
sample can be derived from any desired source, such as a physiological fluid, for example, blood, saliva, 
ocular lens fluid, cerebral spinal fluid, sweat, urine,* milk, ascites fluid, mucous, synovial fluid, peritoneal 

20 fluid, amniotic fluid or the like. The fluid can be pretreated prior to use, such as preparing plasma from 
blood, diluting viscous fluids, or the like; methods of treatment can. also involve separation, filtration, 
distillation, concentration, inactivation of interfering components, and the addition of reagents. Besides 
physiological fluids, other liquid samples such as water, food products and the like can be used. In addition, 
a solid can be used once it is modified to form a liquid medium... . t . 

25 The present invention is particularly advantageous in that it combines several elements to form a novel 
assay device with which a one-step assay can be performed. The novel device simplifies the assay 
protocols by decreasing the number of manual steps required for its use, thereby reducing the risk of errors 
during use. The combination of elements in the present invention also enables the use of predetermined 
amounts of reagents incorporated within the device, thereby avoiding the need for reagent measurements 

30 and additions by the user. Furthermore, the reagents are situated in the device in such a way as to make 
the assay substantially self-performing and to facilitate the detection and quantitation of the assay results. 



I. DEFINITIONS 

35 

A "specific binding member", as used herein, is a member of a specific binding pair, i.e., two different 
molecules wherein one of the molecules through phemical or physical means specifically binds to the 
second molecule. In addition to antigen and antibody specific binding pairs, other specific binding pairs 
include, as examples without limitation, biotin and avidin, carbohydrates and lectins, complementary 

40 nucleotide sequences such as the probe and capture nucleic acids used in hybridization reactions with a 
target nucleic acid sequence as the analyte, complementary peptide sequences, effector and receptor 
molecules, enzyme cofactors and enzymes, enzyme inhibitors and enzymes, a peptide sequence and an 
antibody specific for the sequence or the entire protein, and the like. Furthermore, specific binding pairs can 
include members that are analogs of the original specific binding member, for example an analyte-anaiog. If 

45 the specific binding member is an immunoreactant it can be, for example, an antibody, antigen, hapten, or 
complex thereof, and if an antibody is used, it can be a monoclonal or polyclonal antibody, a recombinant 
protein or antibody, a mixture(s) or fragment(s) thereof, as well as a mixture of an antibody and other 
specific binding members. The details of the preparation of such antibodies and their suitability for use as 
specific binding members are well known to those skilled in the art. 

so When an immunoreactive specific binding member is attached to the chromatographic material of the 
present invention, the device is referred to as an "immunochromatograph", and the corresponding method 
of* analysis is referred to as "fmmunochromatography". Immunochromatography, as used herein, encom-- 
passes both sandwich and competitive immunoassay techniques. 

An "analyte", as used herein, is the compound or composition to be detected or measured in the test 

55 sample. In a binding assay, the analyte wijl have at least one epitope or binding site for which there exists a 
naturally occurring, complementary specific binding member or for which a specific binding member can be 
prepared. "Analyte" also includes any antigenic substances, haptens, antibodies, and combinations thereof. 
The analyte of interest in an assay can be, for example, a protein, a peptide, an amino acid, a' nucleic acid, 
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a hormone, a steroid, a vitamin, a pathogenic microorganism for which polyclonal and/or monoclonal 
antibodies can be produced, a natural or synthetic chemical substance, a contaminant, a drug including 
those administered for therapeutic purposes as well as those administered for illicit purposes, and 
metabolites of or antibodies to any of the above substances. 

5 Illustrative of the so-called "drugs of abuse" which are suitable as analytes for this invention are the 
following: codeine, morphine, heroin, cocaine (and its metabolite benzoylecgonine), methamphetamine, 
phencyclidine, phenothiazines, tetrahydrocannabinol and the like. Illustrative of the therapeutic and/or 
prophylactic pharmaceutical agents, which are suitable for detection or measurement by the present 
invention, are theophylline, digoxin, digitoxin, gentamicin, tobramycin, amikacin, kanamycin, netilmicin, 

10 streptomycin, phenobarbital, dilantin, procainamide, N-acetylprocainamide, lidocaine, quinidine, propranolol, 
ethosuximide/ acetaminophen, acetylsaiicylic add, carbamazepineprimidone, valproic acid, methotrexate, 
dibekacin-chioramphenicol, vancomycin, disopyramide, amitriptyline, desipramine, imipramine, nortriptyline 
and the like. 

Examples of the hormones which are suitable as analytes for this invention are the following: thyroid 
75 stimulating hormone (TSH), human chorionic gonadotropin (hCG), luteinizing hormone (LH) and folicle 
stimulating hormone (FSH). An especially preferred hormone analyte in pregnancy testing is hCG. 

Pathogenic microorganisms suitable for analysis by the present invention include those microorganisms 
disclosed in U.S. Patent No. 4,366,241, which is herein incorporated by reference. Illustrative of some of 
these microorganisms are those associated with urinary tract infections, such as Streptococcus pyogenes, 
20 Streptococcus sal i varus, Escherichia coif, Staphyiococcus aureus, Klebsiella pneumonia, Proteus 
mirabilis and the like. The microorganisms, when assayed by the present invention, may be intact, lysed, 
ground or otherwise fragmented and the resulting composition or portion thereof assayed. Preferably, the 
microorganisms are assayed intact. 

The term "analyte-analog", as used herein, refers to a substance which cross-reacts with an.analyte- 
25 specific binding member, although it may do so to a greater or a lesser extent than does the analyte itself. 
The analyte-analog can include a modified analyte as well as a fragmented or synthetic portion of the 
analyte molecule so long as the analyte-analog has at least one epitopic site in common with the analyte of 
• interest. 

"Label", as used herein, is any substance which is attached to a specific binding member and which is 
30 capable of producing a signal that is detectable by visual or instrumental means. Various suitable labels for 
use in the present invention can include chromogens; catalysts; fluorescent compounds; chemiluminescent 
compounds; radioactive labels; direct visual labels including colloidal metallic and non-metallic particles, 
dye particles, enzymes or substrates, or organic polymer latex particles; liposomes or other vesicles 
containing signal producing substances; and the like. 
35 A large number of enzymes suitable for use as labels are disclosed in U.S. Patent No. 4,275,149, 
columns 19-23, herein incorporated by reference. A particularly preferred enzyme/substrate signal produc- ' 
ing system useful in the present invention is the enzyme alkaline phosphatase wherein the substrate used is 
nitro blue tetrazolium-5-bromo-4-chloro-3-indolyl phosphate or a derivative or analog thereof. 

In an alternative signal producing system, the label can be a fluorescent compound where no enzymatic 
40 manipulation of the label is required to produce a detectable signal. Fluorescent molecules such as 
fluorescein, phycobiliprotein, rhodamine and their derivatives and analogs are suitable for use as labels in 
this reaction. 

' In an especially preferred embodiment, a visually detectable, colored particle can be used as the label 
component of the indicator reagent, thereby providing for a direct colored readout of the presence or 

45 concentration of the analyte in the sample without the need for further signal producing reagents. Materials 
for use as the colored particles are colloidal metals, such as gold, and dye particles as disclosed in U.S. 
Pat. Nos. 4,313,734 and 4,373,932. The preparation and use of non-metallic colloids, such as colloidal 
selenium particles, are disclosed in co-owned and copending U.S. Patent Application Serial No. 072,084, 
filed July 9, 1987. The use of colloidal particle labels in immunochromatography is disclosed in co-owned 

so and copending U.S. Patent Application Serial No. 072,459, filed July 13, 1987. Organic polymer latex 
particles for use as labels are disclosed in co-owned and copending U.S. Patent Application Serial No. 
248,858, filed September 23, 1988. 

A "signal producing component", as used herein, refers to any substance capable of reacting with 
another assay reagent or the analyte to produce a reaction product or signal that indicates the presence of 

55 the analyte and that is detectable by visual or instrumental means. "Signal production system as used 
herein, refers to the group of assay reagents that are needed to produce the desired reaction product or 
signal. For example, one or more signal producing components can be used to react with a label and 
generate the detectable signal, i.e., when the .label is an enzyme, amplification of the detectable signal is 
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obtained by reacting the enzyme with one or more substrates or additional enzymes to produce- a 
detectable reaction product. 

An "ancillary specific binding member", as used herein, refers to any member of a specific binding pair 
which is used in the assay in addition to the specific binding members of the capture reagent and the 
5 indicator reagent and which becomes a part of the final binding complex. One or more ancillary specific 
binding members can be used in an assay. For example, an ancillary specific binding member can be 
capable of binding the analyte, as well as a second specific binding member to which the analyte itself 
could not attach. 

10 

II. REAGENTS AND MATERIALS 
a. Binding Assay Reagents 

is 

In the present invention, binding assays involve the specific binding of the analyte and/or an indicator 
reagent (comprising a label attached to a specific binding member) to a capture reagent (comprising a 
second specific binding member) which immobilizes the analyte and/or indicator reagent on a chromatog- 
raphic material or which at least slows the migration of the analyte or indicator reagent through the 

20 chromatographic material. . 

The label, as described above, enables the indicator reagent to produce a detectable signal that is 
related to the amount of analyte in the test sample. The specific binding member component of the 
indicator reagent enables the indirect binding of the label to the analyte, to an ancillary specific binding 
member or to- the capture reagent The selection of a particular label is not critical, but the label will be 

25 capable of generating a detectable signal either by itself, such as a visually detectable signal generated by 
colored organic polymer latex particles, or in conjunction with one or more additional signal producing 
components, such as an enzyme/substrate signal producing system. A variety of different indicator reagents 
can be formed by varying either the label or the specific binding member; it will be appreciated by one 
skilled in the art that the choice involves consideration of the analyte to be detected and the desired means 

30 of detection. 

The capture reagent, in a binding assay, is used to facilitate the observation of the detectable signal by 
substantially separating the analyte and/or the indicator reagent from other assay reagents ahd the 
remaining components of the test sample. The capture reagent of the present invention is a specific binding 
member, such as those described above. In a binding assay, the capture reagent is immobilized on the 
35 chromatographic material to form a "capture situs", i.e., that region of the chromatographic material having 
one or more capture reagents non-diffusively attached thereto. 



b. Application pad 

40 

The application pad is in fluid flow contact with one end of the chromatographic material, referred to as 
the proximal end, such that the test sample can pass or migrate from the application pad to the 
chromatographic material; fluid flow contact can include physical contact of the application pad to the 
chromatographic material as well as the separation of the pad from the chromatographic strip by an 

45 intervening space or additional material which still allows fluid flow between the pad and the strip. 
Substantially ail of the application pad can overlap the chromatographic material to enable the test sample 
to pass through substantially any part of the application pad to the proximal end of the strip of 
chromatographic material. Alternatively, only a portion of the application pad might be in fluid flow contact 
with the chromatographic material. The application pad can be any material which can transfer the test 

so sample to the chromatographic material and which can absorb a volume of test sample that is equal to or 
greater than the total volume capacity of the chromatographic material. 

Materials preferred for use in the application pad include nitrocellulose, porous polyethylene frit or pads 
and glass fiber filter paper. The material must also be chosen for its compatibility with the analyte and 
assay reagents, for example, glass fiber filter paper was found to be the preferred application pad material 

55 for use in a human chorionic gonadotropin (hCQ) assay device. 

in addition, the application pad contains one or more assay reagents either diffusively or non-diffusively 
attached thereto. Reagents which can be contained in the application pad include, but are not limited to, 
indicator reagents, ancillary specific binding members, and any signal producing system components 
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needed to produce a detectable signal. For example, in a binding assay if is preferred that an indicator 
reagent be diffusively attached to the application pad; this eliminates the need to combine test sample and 
indicator reagent prior to use in an assay. The isolation of assay reagents in the application pad also keeps 
interactive reagents separate and facilitates the manufacturing process. 

5 The application pad receives the test sample, and the wetting of the application pad by the sample will 
perform at least' two functions. First, it will dissolve or reconstitute a predetermined amount of reagent 
contained by the pad. Secondly, it will initiate the transfer of both the test sample and the freshly dissolved 
reagent to the chromatographic material. In some instances, the application pad serves a third function as 
both an initial mixing site and a reaction site for the test sample and reagent. 

to In one preferred embodiment of the present invention, gelatin is used to encompass all or part of the 
application pad. Typically, such encapsulation is produced by overcoating the application pad with fish 
gelatin. The effect of this overcoating is to increase the stability of the reagent contained by the application 
pad. The application of test sample to the overcoated application pad causes the gelatin to dissolve and 
thereby enables the dissolution of the reagent. In an alternative embodiment of the present invention, the 

75 reagent containing application pad is dried or lyophilized to increase the shelf-life of the device. Lyophilized 
application pads were found to produce stronger signals than air dried application pads, and the lyophilized 
application pads maintained stability for longer periods. The reagents contained in the application pad are 
rehydrated with the addition of test sample to the pad. 

In another preferred embodiment, the present invention can be further modified by the addition of a 

20 filtration means. The filtration means can be a separate material placed above the application pad or 
between the application pad and the chromatographic material, or the material of the application pad itself 
can be chosen for its filtration capabilities. The filtration means can include any filter or trapping device 
used to remove particles above a certain size from the test sample. For example, the filter means can be 
used to remove red blood cells from a sample of whole blood, such that plasma is the fluid received by the 

25 application pad and transferred to the chromatographic material. Such filter means are disclosed by U.S. 
Pat. No. 4,477,575 and WO Application No. 86/02192, published April 23. 1987. 

A still further preferred modification of the present invention involves the use of an additional layer or 
layers of porous material placed between the application pad and the chromatographic material or 
overlaying the application pad. Such an additional pad or layer can serve as a means to control the rate of 

so flow of the test sample from the application pad to the chromatographic material. Such flow regulation is 
preferred when an extended incubation period is desired for the reaction of the test sample and the. 
reagent(s) in the application pad. Alternatively, such a layer can contain an additional assay reagent(s) 
which is preferably isolated from the application pad reagents until the test sample is added, or it can serve 
to prevent unreacted assay reagents from passing to the chromatographic material. 

35. When small quantities of non-aqueous or viscous test samples are applied to the application pad, it 
may be necessary to employ a wicking solution, preferably a buffered wicking solution, to carry the reagent- 
(s) and test sample from the application pad and through the the chromatographic material. When an 
aqueous test sample is used, a wicking solution generally is not necessary but can be used to improve flow 
characteristics or adjust the pH of the test sample. In immunochromatography, the wicking solution typically 

40 has a pH range from about 5.5 to about 10.5, and more preferably from about 6.5 to about 9.5. The pH is 
selected to maintain a significant level of binding affinity between the specific binding members in a binding 
assay. When the label component of the indicator reagent is an enzyme, however, the pH also must be 
selected to . maintain significant enzyme activity for color development in enzymatic signal production 
systems. Illustrative buffers include phosphate, carbonate, barbital, diethylamine, tris, 2-amino-2-methyM- 

45 propanol and the like. The wicking solution and the test sample can be combined prior to contacting the 
application pad or they can be contacted to 1 the application pad sequentially. 



c. Chromatographic Material 

50 

The chromatographic material of the assay device of the present invention can be any suitably 
absorbant, porous or capillary possessing material through which a solution containing the fcnalyte can be 
transported by a wicking action. Natural, synthetic, or naturally occurring materials that are synthetically 
modified, can be used as the chromatographic material including, but not limited to: cellulose materials 
55 such as paper, cellulose, and cellulose derivatives such as cellulose acetate and nitrocellulose; fiberglass; 
cloth, both naturally occurring (e.g., cotton) and synthetic (e.g., nylon); porous gels such as silica gel, 
agarose, dextran, and gelatin; porous fibrous matrixes; starch based materials, such as Sephadex® brand 
cross-linked dextran chains; ceramic materials; films of polyvinyl chloride and combinations of polyvinyl 
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chloride-silica; and the like. The chromatographic material should not interfere with the production of a 
detectable signal. The chromatographic material should have a reasonable inherent strength, or strength 
can be provided by means of a supplemental support. 

A preferred chromatographic material is nitrocellulose. When nitrocellulose is used, however, the 

5 material of the application pad should be chosen for its ability to premix the test sample and the first 
reagent, i.e., fluid-flow through a nitrocellulose membrane is laminar and does not provide the more ■ 
turbulent flow "characteristics which allows the initial mixing of test sample and application pad reagents 
within the chromatographic material. If nitrocellulose is used as the chromatographic material, then Porex® 
hydrophilic polyethylene frit or glass fiber filter paper are appropriate application pad materials because 

10 they enable the mixing and reaction of the test sample and application pad reagents within the application 
pad and before transfer to the chromatographic material. An especially preferred chromatographic material 
is glass fiber filter paper. 

The particular dimensions of the chromatographic material will be a matter of convenience, depending 
upon the size of the test sample involved, the assay protocol, the means for detecting and measuring the 

75 signal and the like. For example, the dimensions may be chosen to regulate the rate of fluid migration as 
well as the amount of test sample to be imbibed by the chromatographic material. 

As discussed above, in a binding assay the capture situs can be formed by directly or indirectly 
attaching the capture reagent to the chromatographic material. Direct attachment methods include adsorp- 
tion, absorption and covalent binding such as by use of (i) a cyanogen halide, e.g., cyanogen bromide or (ii) 

20 by use of glutaraldehyde. It is preferred, however, to retain or immobilize the. desired reagent on the 
chromatographic material indirectly through the use of insoluble microparticles to which the reagent has 
been attached. The means of attaching a reagent to the microparticles encompasses both covalent and 
non-covalent means, that is adhered, absorbed or adsorbed. It is preferred that capture reagents be 
attached to ~the~microparticles- by- covalent- means.-By~ retained- and-immobilized n is meant that the 

25 particles, once on the chromatographic material, are not capable of substantial movement to positions 
elsewhere within the material. The particles can be selected by one skilled in the art from any suitable type 
of particulate material composed of polystyrene, polymethylacrylate, polyacrylamide, polypropylene, latex, 
polytetrafiuoroethylene, polyacrylonitrile, polycarbonate, glass or similar materials. The size of the particles 
is not critical, although generally it is preferred that the average diameter of the particles be smaller than 

30 the average pore or capillary size of the chromatographic material. 

It is also within the scope of this invention to attach more than one reagent to the microparticles to be 
immobilized within the chromatographic material. For "example, to slow or prevent the diffusion of the 
detectable reaction product in an enzyme/substrate signal producing system, the substrate can be 
immobilized within the chromatographic material. The substrate can be immobilized by direct attachment to 

35 the chromatographic material by methods well known in the art, but it is preferred that the substrate also be 
immobilized by being covalently bound to insoluble microparticles which have been deposited in and/or on 
the chromatographic material. 

The size of the particles may vary depending upon the type of chromatographic material used as well 
as the type of material from which the particle is made. For example, in a glass fiber chromatographic 

40 material, glass and polystyrene particles should -be of sufficient size to become entrapped or immobilized in 
the pores of the chromatographic material and not move when confronted by the migrating fluid. In the 
same glass fiber matrix, much smaller latex particles can be used because the latex particles unexpectedly 
affix themselves to the glass fibers by an unknown mechanism; see co-owned and copending U.S. Patent. 
Application Serial No. 784,416. filed October 4, 1985. Thus, unlike the pore size dependent glass and 

45 plastic particles, the latex particles are pore sized independent so that lot-to-lot variations in pore size of the 
chromatographic material will not adversely affect the performance of the device. As a result, one 
particularly preferred binding assay device uses latex particles, having capture reagent attached thereto, 
distributed in a glass fiber chromatographic material. The distribution of the microparticles or other reagents 
onto or into the matrix of the chromatographic material can be accomplished by reagent printing techniques 

so as disclosed in co-owned and copending U.S. Patent Application Serial No. 931,476, filed November, 17 
1986. 

The capture reagent, signal producing component or reagent-coated microparticles can be deposited 
singly or in various combinations on or in the chromatographic material in a variety of configurations to 
produce different detection or measurement formats. For example, a reagent can be deposited as a discrete 
55 situs having an area substantially smaller than that of the entire chromatographic material. 

Alternatively, the reagent can be distributed over the entire chromatographic material in a substantially 
uniform manner to form a capture situs or reaction situs that substantially includes the entire chromatog- 
raphic material. The extent of signal production along the length of the capture situs or reaction situs, or the 
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distance of the detectable signal from the proximal end of the chromatographic material, is then related to 
the amount of analyte in the test sample. The amount of analyte can be determined by the comparison of 
the length or distance of the resulting signal to those observed for calibrated standards of analyte. 

In another embodiment, the reagent can be distributed as a narrow stripe running from about the 

5 proximal to about the distal end of the chromatographic material. Use of the narrow .stripe, rather than a 
uniform distribution of reagent, can serve to sharpen the image of the detectable signal on the chromatog- 
raphic material. Furthermore, more than one narrow parallel stripe can be distributed along the length of the 
chromatographic material, wherein the reagent within each stripe is directed to a different analyte, thereby 
forming a multi-analyte assay device. As an addition to the configurations in which the length or distance of 

10 analyte travel is measured, a scale of appropriate symbols, numbers or letters can be imprinted upon the 
chromatographic material to aid in the measurement and thus the quantification of analyte. 

In another embodiment the reagent can be distributed more lightly at one end of the chromatographic 
material than at the other. In a competitive binding assay, this deposition of capture reagent in a gradient 
fashion provides for greater sensitivity at the end of the chromatographic material having the lighter 

75 distribution, because of the more rapid displacement of the indicator reagent from the capture reagent 
binding sites by the analyte. 

In alternative embodiments, the appropriate assay reagents can be distributed in any pattern convenient 
for detection including, but not limited to, numerals, letters, dots and symbols such as " + /-", or the 
like which display the detectable signal upon completion of the assay. The preparation and use of similar 

20 capture sites for immunochromatographic assays are disclosed in co-owned and copending U.S. Patent 
Application Serial No. 072,459, filed July 13, 1987. 

In yet another embodiment, the reagents can be distributed as a series of parallel bars which traverse 
the width of the chromatographic material and which are spaced from about the proximal end of the 
chromatographic material to about the distal end, thereby creating a ladder-like capture situs configuration. 

25 As with the narrow-stripe configuration," the" bars and th& intervening spaces-serve to sharpen the image of 
the signal produced on the chromatographic material.. The number of bars at which signal is detectable can 
be counted and correlated to the amount of analyte in the test sample. When the bars are spaced closely 
together, the device provides less analytical sensitivity but greater amounts of analyte can be measured. 
Alternatively, by spacing the bars further apart, increasingly greater sensitivity can be obtained. It is also 

30 within the scope of this invention to vary the sensitivity within different portions of the chromatographic 
material depending upon whether greater discrimination sensitivity for the analyte is required at the high 
end or low end of its concentration range. Another variation of the parallel bar configuration involves the use 
of multiple* capture or reaction reagents wherein the reagents within the capture and detection sites are 
directed to a different analyte, thereby forming a multi-analyte assay device. 

35 In the multiple bar chromatographic assays using antibodies as specific binding members and visually 
detectable colloidal particles, the visual readout of the amount of analyte present is a function of the 
competitive displacement of the colloid-labeled antibody/anaiyte complex from the capture reagent antibody 
by analyte which is not bound to the colloid-labeled antibody. This can result in proximal bars which contain 
analyte bound to the capture reagent but which contain no detectable indicator reagent. Due to this 

40 competitive displacement, the antibodies used in the assay should be chosen based upon the desirable 
range of analyte concentrations to be detected or measured as well as the affinity of those antibodies for 
the analyte, where affinity is defined as the reciprocal of the apparent dissociation constant (Kd, having 
physical dimensions of moles/liter). If the first specific binding member is an antibody coated upon the 
colloidal particle label, then it is believed that the antibody should have a dissociation constant of less than 

45 the lowest analyte concentration to be detected, i.e., the antibody on the colloidal particle should bind at 
least fifty percent of available analyte at equilibrium. For example, the Kd can be less than the lowest 
analyte concentration by an amount of from about two to 1 000 fold. More preferably, the Kd will be such 
that the colloid-Labeled antibody will bind about 90% to about 99% of the analyte present. Most preferably, 
the Kd will be such that the colloid-labeled antibody will bind about 99.9% of the analyte. In addition, the 

so analyte to be detected is preferably present in the test sample in an amount equal to or greater than the 
total amount of the colloid-labeled antibody used in the assay. While it is likely that the system will function 
to some extent even if the labeled-antibody Kd is within a factor of two higher or lower than the low end of 
the assay range, as the Kd is further reduced the assay performance will improve. Specifically, the assay 
will exhibit a lower background of unbound indicator reagent on the chromatographic strip, and complete 

55 indicator reagent capture will occur in a shorter distance on the strip. 

The dissociation constant of the capture reagent antibody should have the same set of preferable 
values as does the labeled antibody. 

The parallel bar capture situs or reaction situs can be further modified such that the bar nearest the 
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application pad is larger than the following bars. The use of such a configuration in a competitive binding 
assay enables the capture of substantially all of the indicator reagent in the first bar when there is no 
analyte in the test sample. This configuration requires that there be sufficient capture reagent in the first bar 
to immobilize substantially all of the indicator reagent used in the assay. Alternatively, the first bar or 

5 reaction site can contain a sufficient amount of reagent to inhibit a binding reaction unless a threshold 
amount of analyte is present in the sample. 

A variation of the parallel bar configuration involves the detection of more than one signal to provide 
assay controls. For example in a binding assay, at least one of the proximal bars can contain microparticles 
having analyte-specific binding members affixed thereto whereas the most distal bar(s) contain micropar- 

10 tides having a label-specific binding member affixed thereto. When a sufficient amount of indicator reagent 
is used, the distal bar(s) serve as a built-in control to display that the assay has been completed, i.e., the 
indicator reagent will become attached to the distal bars whatever the assay result and thereby indicate 
both that the test sample and assay reagents have passed through the proximal bars and that the indicator 
reagent is active. A variety of display formats or patterns as described above tan incorporate assay controls 

15 to confirm "the efficacy of the assay reagents or device, the completion of the assay or the proper sequence 
of assay steps. 

it is also within the scope of this invention to have a reagent, at the distal end of the chromatographic 
material, which indicates the completion of a binding assay (i.e., end of assay indicator) by changing color 
upon contact with the test solution, wicking solution or a signal producing component. Reagents which 

20 /vould change color upon contact with, a test solution containing water are the dehydrated transition metal 
salts, such as CuSOa, CofNOah, and the like. The pH indicator dyes can also be selected to respond to the 
pH. of the buffered wicking solution. For example, phenolphthalein changes from clear to intense pink upon 
contact with a wicking solution having a pH range between 8.0-10.0. 

- Reagents can-be-added directly -to-either-the application pad or the chromatographic material during the 

25 performance of the assay. The preferred embodiment of the invention, however, involves the incorporation 
of all necessary assay reagents into the assay device so that only a liquid test sample need be contacted to 
the application pad to perform the assay. Therefore, one or more assay reagents can be present in either or 
both the application pad or chromatographic material of the present invention. 

The present invention further provides kits for carrying out binding assays. For example, a kit according 

30 to the present invention can comprise the assay device with its incorporated reagents as well as a wicking 
solution and/or test sample pretreatment -reagents as described above. Other assay components known to 
those skilled in the art, such as buffers, stabilizers, detergents, bacteria inhibiting agents and the like can 
also be present in the assay device and wicking solution. 

35 

HI. Housing 

The present invention optionally includes a nonreactive enclosure around the device. Preferably, the 
housing encloses at least the application pad to facilitate receiving and/or containing a certain volume of the 

40 test sample and/or wicking solution (Figure 1). 

The device of the present invention may be partially or completely encased in the non-reactive 
enclosure. While the entire chromatographic material need not be encased, it is preferred that a sufficient 
portion of the application pad should be encased to prevent applied test sample from contacting the 
chromatographic material without first passing through the application pad. 

45 Depending upon the particular assay protocols involved and the methods of device construction, the 
housing will be removable or irremovable, will provide for one or more windows, and will normally be of a 
sturdy, inert and impermeable material. The housing will provide mechanical protection as well as support 
for the application pad and chromatographic material but will not interfere with the performance of the 
assay. The housing can be made of an opaque or a transparent material. The size of the window can be 

so varied such that a housing made of opaque material can partially or completely hide certain portions of the 
chromatographic material. 

In Figure 1, an assay device 10 is shown with an upper 5a and lower 5b non-reactive enclosure and 
having a proximal end 11 and a distal end 12. The enclosures 5a and 5b enclose the application pad 1 and 
the chromatographic material 2 as described above. The application pad 1 is located at the proximal end 11 
55 of the chromatographic material. The- upper enclosure 5a contains at least one opening or transparent 
window 4a. Window 4a permits the observation of the chromatographic material 2 and the signal produced 
thereon by the signal producing system. An optional window 4b at the distal end 12 of upper enclosure 5a 
permits observation of a color produced when the test solution or other assay reagent contacts the optional 
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assay completion, zone. An application port 3 enables the application of test sample and wicking solution to 
the application pad 1. As an additional option, the upper enclosure 5a may contain calibration marks 6 to 
facilitate quantitation of the analyte in the test sample. The capture situs 7 represents an alternative 
embodiment, as described above, wherein reagents, are distributed as a series of parallel bars which 
5 traverse the width of the chromatographic material. 



IV. DIAGNOSTIC ASSAYS 

70 • In a competitive binding assay, the liquid front of the test sample, or of the test solution comprising test 
sample and optional wicking solution, contains both the indicator reagent, e.g., labeled analyte, from the 
application pad and the unlabeled analyte from the test sample. Accordingly, both the labeled and 
unlabeled analyte are carried from the application pad to the chromatographic material where they are 
transported distally by the advancing liquid front. During their distal migration, the labeled and unlabeled 

75 analyte compete for binding sites on capture reagent, e:g., antibody, immobilized on the chromatographic 
material. 

Because the labeled analyte and unlabeled analyte compete for binding sites on the capture reagent, 
the labeled analyte migrates equidistantly with the unlabeled analyte. Thus, the greater the concentration of 
analyte in the sample, the greater the distal migration of the labeled and unlabeled analyte through the 

20 chromatographic material. Analogously, the lower the concentration of analyte in the sample, the shorter the 
distal migration of the labeled analyte. The distance of distal migration of the indicator reagent, and thus the 
concentration of the analyte in the test sample, are then determined by the detectable signal produced by 
the label of the indicator reagent. 

In a sandwich binding assay the migrating test solution or test sample contains both the dissolved 

25 " indicator reagent from"the "application ~ pad~and "the- analyte- from- the test sample -Accordingly, both the 
indicator reagent and analyte are carried distally by the advancing liquid front. Moreover, during their 
migration, the indicator reagent can bind to the analyte to form an indicator reagent/analyte complex. As the 
wicking liquid transports the indicator reagent/analyte complex through the chromatographic material, the 
immobilized capture reagent also binds to the analyte to render the indicator reagent/analyte complex 

30 immobilized. Thus, the indicator reagent/analyte complexes able to advance only so far as capture reagent 
. binding sites on the chromatographic material are already occupied and no longer available for further 
binding. Consequently, the greater the concentration of analyte in the test sample, the further the distal 
migration of the indicator reagent/analyte complex through the chromatographic material before immobiliza- 
tion occurs. Analogously, the lower the concentration of analyte in the test sample, the shorter the distal 

35 migration. Accordingly, in a sandwich assay, the concentration of analyte in the test sample is directly 
proportional to the distance of distal migration by the indicator reagent/analyte complex. 

The following examples are given by way of illustration only and should not be construed as limiting the 
spirit or scope of the invention as based upon this disclosure. Many variations on the present invention will 
become obvious to those of ordinary skill in the art. 

40 

EXAMPLES 



45 

Example 1 



50 Immunochromatographic Assay for hCQ 



a) Indicator reagent preparation - colloidal gold/mouse anti-hCG antibody conjugate 



A gold reference solution (20 ml, Fisher SO-G-91, 1.0 ml = 1.0 mg of gold from gold chloride in 
distilled water) was mixed with distilled water (180 ml) and heated until boiling. One percent sodium citrate 
(5 ml, in distilled water) was added to the solution and swirled while heating. The solution underwent a color 
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change from yellow to colorless (45 seconds) to dark reddish-purple (two minutes). The solution was 
removed from the heat when red first appeared. The solution was cooled, filtered and stored at 4*C until 
used. 

Mouse anti-hCG antibodies (approximately 500 tig, 10 ug/ml) were added to the colloidal gold solution 
5 (50 ml) and 1% Potassium carbonate (575 ul, to adjust pH to 8). After mixing for one minute, 2% fish 
gelatin (250 ul; Inotec, Wohlen, Switzerland) was added to quenchtoe reaction. The solution was mixed for 
another five minutes and was then centrifuged at 2990 x g at 4 ° C for 25 minutes (DuPont Sorvall 5534 
rotor). The resulting pellet was collected, and the remaining supernatant was centrifuged at 8630 x g at 4 
" C for 25 minutes. The second pellet was collected, and both pellets were combined to yield one milliliter 
io of colloidal gold/mouse anti-hCG antibody conjugate to which was added 10% polyethyleneglycol (PEG, 10 
ul. MW 20,000) and 10% sodium azide (10 ul). 



b) Anti-hCG antibody-coated particles 

15 ™ ~~~ 

To 345 microliters of latex microparticles (10% solids [v/v] in water; 0.21 microns in diameter), in a one 
dram vial, were added sequentially 100 nM 2-[N-morpholino]ethanesulfonic acid buffer (MES; 132 ul), 1- 
ethyl-3-(3-dimethylaminopropyl)-carbodiimide (1 -EDAC; 55ul at 5 mg/ml), and affinity purified polyclonal 
anti-hCG antibody (2.1233 ml at 4.7 mg/ml). The mixture was incubated for about three hours. Thereafter, 
20 the particles were washed three times by centrifuging and replacing the supernatant with 0.1% polyox- 
yethylenesorbitan ester (Tween-20) in water. . 

After the last wash, the particles were passed four times through a 25 gauge needle and then diluted to 
a 0.69% solids final concentration with 0.01 M phosphate buffer, pH 7.4. The resulting final anti-hCG 
antibody-concentration-was-approximately 2.0 mg/ml. ■-- - — • - 

25 

c) Chromatographic material preparation 

The capture situs was prepared by reagent printing the anti-hCG antibody-coated latex particles of 
30 Example 1.b (concentrated to 1.30% solids) onto a 100 mm x 70 mm glass fiber filter (Gelman A/E, Gelman 
Sciences Incorporated, Ann Arbor, Ml). The reagent printing was performed substantially in accordance with 
the printing techniques disclosed in co-owned and copending U.S. Patent Application Serial No. 931,476, 
filed November, 17 1986 using a 51 micron diameter orifice (at 12 psi) and passing the material under the 
orifice at a rate of four inches per second, with reagent dispensed at 31.3 mg/sec. The capture situs was 
35 printed as thirty-three, one millimeter wide, horizontal bars. An overcoat of 1% fish gelatin in water was 
applied, and the chromatographic material was allowed to dry. The filter was cut perpendicular to the 
horizontal bars to produce a set of 6 mm x 70 mm strips having thirty-three bars traversing the width of the 
strip. Two microliters of colloidal gold/mouse anti-hCG antibody indicator reagent (prepared substantially in 
accordance with the method described in Example 1.a) was then applied to the proximal end of each strip 
40 and air dried. 



d) Assay protocol 

45 To a point (e.g., origin) at the bottom of the individual strips was added 100 microliters of one of the 
following reference solutions: 

1 . 0 mlU hCG In urine standard, 

2. 250 mlU hCG in urine standard, 

3. 500 mlU hCG in urine standard, and 
so 4. high positive urine specimen from pregnant woman (mlU hCG concentration not determined). 

The strips were placed in 500 microliters of 10% alkaline treated casein in 0.05 M Tris buffer (pH 7.2), 
and the test sample was allowed to migrate to the distal end of the strip. Excess conjugate was then rinsed 
from the strip with distilled water. The number of bars containing immobilized indicator reagent were 
55 recorded, as was the migration distance from the origin. The results are presented in Table 1. ■ 
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Table 1 



70 



Assay for hCG Using a Colloidal Gold Conjugate 


Strip 


mlllhCG 


No. of 


Distance 


No. 




• Visualized 


From Origin 






Bars 




1 


0 


None 




2 


250 


1 


18 mm 


3 


500 


7 


29 mm 


4 


high positive 


33 


58 mm 



The data of Table 1 demonstrated that as the analyte concentration increased the number of bars which 
75 displayed signal also increased, and the signal was displayed further along the chromatographic material. 



Example 2 

20 

Immunochromatographic Assay For £ coli 



25 

a. indicator reagent preparation - colloidal selenium/anti-E. coli antibody conjugate 

Using siianized glassware, Se02 (750 mg) was dissolved in boiled water (25 L) which was then added 
to boiling water (25 L) with vigorous stirring. Approximately one minute later, sodium ascorbate (56.5 ml; 

30 1% w/v in boiled water) was added to the boiling solution and caused a reddish suspension to form. The 
solution was boiled for another ten minutes and- then allowed to cool to room temperature, whereupon it was 
centrifuged for 30 minutes at approximately 5,000 x g. The reddish brown precipitate was separated from 
the aqueous phase, washed in water and recentrifuged twice more. The precipitate was separated into black 
(denser) granular material, which was undesired, and into a red-brown finer material, which was desired. 

35 The reddish-brown material was resuspended in a sufficient quantity of Tris buffered saline to make 
approximately 200 milliliters of selenium suspension (TBS; containing 50 mM Tris-HCI, pH 7.4, 0.9% NaCI 
and 0.05% w/v sodium ascorbate) 

The pH of the selenium suspension was adjusted to pH 7.5 with 0.01 N K2CO3 (about 2.5 ml), and to 10 
ml of that suspension was added approximately 100 ug of bovine anti-whole E. coli antibody dissolved in 

40 0.9% NaCI (20.71 ul). The mixture was gently agitated for about two minutes. Solid bovine serum albumin 
(BSA; 100 mg) was added to the mixture, and the mixture was agitated until the BSA dissolved. The mixture 
was centrifuged for 15 minutes at 4 ' C and 50,000 x g. The resulting colloidal selenium/anti-E. coli antibody 
indicator reagent was resuspended and recentrifuged two times in TBS with 1% BSA and finally resuspen- 
ded in that same solution tct a final concentration of about 10 u.g/ml. 

45 

b) Anti-whole E. coli antibody-coated particles 

To 2.5 milliliters of polystyrene latex microparticles (2% solids [v/v] in 0.1 M MES, pH 5.0) were added 
so sequentially EDAC (1.0 ml in MES 500 umoles), bovine antiwhole £. coli antibody (0.5 ml, 1 .0 mg/ml) and 
MES (1 .0 ml). The mixture was incubated at room temperature, while stirring, for about two hours. 
Thereafter, the particles were centrifuged in phosphate buffered saline (PBS, 5.0 ml) and washed two times 
by centrifuging and replacing the supernatant with TBS/BSA. After the last wash, the particles were 
resuspended in TBS (0.1 M Tris HCI, pH 7.4 and 0.9% NaCI. 1% BSA and 0.1% NaN a ). 



c) Chromatographic material preparation 



13 



The capture situs was prepared by reagent printing the bovine anti-whole £ coli antibody-coated 
polystyrene latex microparticles (prepared substantially in accordance with the method described in 
Example 2,b and printed substantially in accordance with the method described in Example 1.c) onto. a 100 
mm x 50 mm glass fiber filter (Gelman A/£). The capture reagent was printed as a series of horizontal bars 
5 approximately 0.08 inches apart. An overcoat of 1% fish gelatin (Inotec, Wohlen, Switzerland) in water was 
applied, and the chromatographic material was allowed to dry. The chromatographic material was then cut 
into 3 mm x 50 mm strips such that the cut was perpendicular to the horizontal bars. 



w d) Assay protocol 

A test sample of E. coli, suspended at 10 8 per milliliter of 0.9% NaCI, was mixed 1:1 (vv) with the 
indicator reagent of Example 2.a to form a test solution. The test solution was briefly incubated at room 
temperature whereby the indicator reagent began to complex with the £ coli of the test sample. The 
75 proximal end of a strip of Example 2.c was submerged in the test solution. The test solution migrated 
through the strip, and the accumulation of indicator reagent/analyte complex immobilized on the strip was 
detectable by the appearance of brown-red bars indicating the formation of a "sandwich" immunocomplex 
at the capture situs. 



20 



Example 3 



25 One Step Immunochromatographic Assay For Benzoylecgonine (a Cocaine Metabolite) 



a. Indicator reagent preparation - selenium colloid/anti-benzoylecgonine antibody conjugate 

30 — — - 

A 3% stock solution "of Se0 2 (50 ml, 3 g/ml, Aldrich) was diluted in water (5 L) and pH adjusted first 
with 2% NaOH to 4.4 -4.5 and then with 2% K 2 C0 3 to 4.95 -5.05. The solution was heated to 75 -80 * C. 
The solution was then mixed with a 5% ascorbate solution (75 ml), and this reaction mixture was heated in 
a 70 ' C water bath while stirring for five minutes. The solution was then mixed with 5% ascorbate (6 ml/L), 
• 35 and this reaction mixture was heated in a 70 " C water bath while stirring for ten minutes. The solution was 
then allowed to cool to room temperature. 

Approximately 10 ng of affinity purified rabbit anti-benzoylecgonine antibody (Berkeley Antibody. 
Company. Inc., Richmond, CA) dissolved in PBS (pH 7.4) was added to the selenium suspension (5 ml). 
The mixture was gently swirled for about ten minutes. A 5% BSA solution (300 ul) was added to the 
40 mixture, and the mixture was gently swirled and then sat for about ten minutes. Five milliliters of the 
selenium colloid/anti-benzoylecgonine antibody indicator reagent (1.89 tig/ml) was added to five milliliters of 
conjugate diluent (0.1 M Tris, 4% sucrose, 2% surfactant [Pluronic-68, BASF Corporation. Parsippany, NJ] 
and 4% casein) for a final concentration of 0.97 ug/ml. 

Conjugate diluent was prepared by adding Tris (1.2 g), sucrose (4.0 g) and Pluronic-68 (2.0 g) to 
45 distilled water (70 ml) at pH 8.1. Alkaline treated casein (4.0 g) was added to the solution and mixed, and 
the pH was adjusted to approximately 8.1. Volume was brought to 100 milliliters and filtered through a 0.2 
urn filter. 



so b) Application pad preparation 

Indicator reagent (30 ul, from Example 3.a) was pipetted onto each application pad, and the pads were 
either air dried at room temperature or lyophilized. The application pad materials were either porous 
polyethylene (4 mm x 10 mm x 1 .5 mm rectangles of Porex material, Porex Technologies, Fairburn, GA) or 
55 glass fiber paper (4 mm x 10 mm rectangles of resin bonded glass fiber paper, Lypore-9254, Lydall 
Incorporated, Rochester, NH). 
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c) Chromatographic material preparation 



Capture sites were • prepared by reagent printing four different reagents as parallel bars, about two 
millimeters wide and approximately one-quarter inch apart, using sheets of nitrocellulose (8 inch x 10 inch, 

5 5.0 uM, Schleicher and Schuell, Keene, NH). The capture sites were printed substantially in accordance 
with the method described in Example 1.c using an approximately 50 micron diameter orifice (at 8 psi) and 
passing the material under the orifice at a rate of four inches per second, with reagent dispensed at about 
30 microliters per nine inch bar. The most proximal bar was benzoylecgonine:BSA (17:1) at 1 mg/ml. The 
next bar was goat anti-rabbit antibody (affinity isolated, Sigma Chemical Company, St. Louis, MO) at 0.5 

ro mg/ml. The next bar was goat anti-mouse antibody (affinity isolated, Sigma) at 0.5 mg/ml. The final bar was 
a blend of equal portions of both the goat anti-rabbit antibody and the goat anti-mouse antibody. The filter 
was then cut into 3 mm x 50 mm strips such that the cut was perpendicular to the printed bars. The 
application pads of Example 3.b were placed in fluid-flow contact with the proximal ends of the chromatog- 
raphic strips. 

75 

d) Assay protocol 

Benzoylecgonine test samples (30 ul of 0 ixg/ml'or 5.0 ug/ml sample concentrations) were contacted to 
20 the application pad. The test sample passed through the application pad wherein any benzoylecgonine in 
the test sample bound to the reconstituted indicator reagent and migrated through the strip. The indicator 
reagent/analyte complex bypassed the benzoylecgonine capture site and was immobilized at the goat anti- 
rabbit antibody bar where the formation of the immunocomplex was detectable by the appearance of a dark 
signal over substantially the entire bar. The test sample containing no benzoylecgonine reconstituted the 
25 indicator reagent, and that unbound indicator reagent was substantially captured at the benzoylecgonine 
capture site producing a visible sharp thin line. A very faint signal was barely detectable at the goat anti- 
rabbit antibody bar. 

30 Example 4 



One Step Immunochromatographic Assay For Opiates 

35 



a. Indicator reagent preparation - selenium colloid/anti-morphine antibody conjugate 

40 A selenium coiloid/antibody conjugate was prepared substantially in accordance with the procedure of 
Example 3.a using a selenium suspension and sheep anti-morphine antibody (100 ug in 0.05M Tris) and a 
conjugate diluent which included 0.5% polyethylene glycol (0.5 g, MW 20,000, Sigma) for a final 
concentration of 9.7 ug/ml. 

45 

b) Application pad preparation 

Glass fiber paper strips (10.5 cm x 17 mm, Lypore, Lydall Inc.) were soaked with one milliliter of the 
Indicator reagent (from Example 4.a). The strips were suspended in a 45 *C oven for 1 to 1.5 hours and 
so were then cut into 3 mm x 17 mm application pads. 

c) Chromatographic material preparation 

55 The chromatographic material was prepared substantially in accordance with the procedure described 
in Example 3.c using two different reagents to produce the parallel bars. The first bar was morphine-3-B-O 
glucuronide-BSA in PBS (1 .206 mg/ml at pH 7.4, Sigma). The second bar was anti-mouse IgG (0.67 mg/ml, 
Sigma) in Tris (containing 0,1% BSA, 20% glycerol, 0.02% NaN 3 and trace phenol red at pH 6.0). 

15 



d) Assay protocol 



Morphine test samples (30 ul of 0, 100, 200, 300, 500 and 1000 ng/ml sample concentrations) were 
contacted to the application pad,. The test sample passed through the application pad wherein any morphine 

5 m the test sample bound to the reconstituted indicator reagent and migrated through the strip. The indicator 
reagent analyte complex bypassed the morphine-3-B-D-glucuronide-BSA capture site and was immobilized 
at the goat anti-mouse antibody bar where the formation of the immunocomplex was detectable by the 
appearance of a dark signal. The test sample containing no morphine reconstituted the indicator reagent 
which was substantially captured at the morphine-3-B-D-glucuronide-BSA capture site producing a sharp 

to thin line. A very faint signal was barely detectable at the goat anti-mouse antibody bar. 



Example 5 

is 

One Step Immunochromatographic Assay For Hepatitis B Surface Antigen (HBsAg) 



20 

a. indicator reagent preparation - selenium colloid/anti-biotin antibody conjugate 

A selenium colloid suspension was prepared substantially in accordance with the procedure of Example 
3.a. Two milliliters of the selenium suspension was mixed with 150 mM borate (44 ul, pH 8.0), Rabbit anti- 
25 biotin antibody (6 ul, 3 ug/ml) was added, and the mixture was gently mixed for about ten minutes. Ten 
percent BSA (60 ul) was then added and mixed. The resulting conjugate was used without centrifugation. 
The selenium colloid/anti-biotin antibody conjugate (0.4 ml) was mixed with 5% casein for assay use. 



30 b) Application pad preparation 

Indicator reagent (30 ul from Example 5,a) was pipetted onto porous polyethylene pads (3/8 inch x 3/16 
inch, Porex). The pads were dried at 40 " C for one hour. 

35 

c) Ancillary pad preparation 

An ancillary specific binding member complex of biotin and anti-HBsAg antibody was prepared in 
accordance with procedures well-known in the art. The biotin/anti-HBsAg antibody complex (0.4 ml at 4 
40 ugml) was mixed with a'diluent (0.4 ml, phosphate buffered saline with 1% BSA). This mixture was also 
pipetted onto porous polyethylene pads (3/8 inch x 3/16 inch, Porex) which were dried at 40 * C for 1 hour. 



d) Chromatographic material preparation 

45 

The chromatographic material was prepared by dotting anti-HBsAg antibody (0.3 ul. 1 .83 mg/ml) onto 
nitrocellulose (Schleicher and Schuell) to form the capture situs. The application pad of Example 5.b was 
placed upon the proximal end of the chromatographic material, and the ancillary pad of Example 5.c was 
stacked upon the application pad. 



e) Assay protocol 

HBsAg test samples (120 u1 of '0, 1.0, 2.5, 5.0, 10.0 and 5000 ng/ml sample concentrations) were 
55 contacted to the ancillary pad. The test sample passed through both the ancillary pad and the application 
pad thereby reconstituting both the biotin-anti-HBsAg antibody complex and the selenium colloid/anti-biotin 
antibody indicator reagent. If HBsAg was present in the test sample, then a selenium colloid/anti-biotin 
antibody/biotin-anti-HBsAg antibody/analyte complex was formed and migrated through the strip. The 

16 



complex was immobilized at the anti-HBsAg antibody capture situs where the formation of a "sandwich" 
immunocomplex was detectable by the appearance of a dark signal. The 5000 ng/ml test sample resulted in 
a well-defined dark spot on the chromatographic material. The 5.0 and 1Q.0 ng/ml test samples resulted in 
visible spots on the chromatographic material. The 2.5 ng/ml test sample resulted in a very faint spot on the 
5 chromatographic material. And, the 0 and 1.0* ng/ml test samples provided no' visible color on the 
chromatographic material. 

Example 6 

10 



One Step Immunochromatographic Assay For hCQ 

15 

a. Indicator reagent preparation - selenium colloid/anti-hCG antibody conjugate 

A selenium colloid suspension was prepared as a one step procedure substantially in accordance with 
20 the procedure of Example 3.a. The selenium suspension (250 ml) was mixed with anti-hCG antibody (1250 
ug), and the mixture was gently stirred for about 15 minutes. A BSA blocking solution (25 ml, comprising 5 
gm of BSA and 5 ml of 1 M Tris at pH 7.4_with a sufficient quantity of water to bring the volume to 500 ml) 
was then added to the mixture and stirred. The resulting selenium colloid/anti-hCG antibody conjugate was 
centrifuged (at 1900 x g) for 40 minutes at 4* C. The supernatant was removed, and BSA blocking solution 
25 "(25 ml) was" added to resuspend the pellet by. vortexing. The centrifugation and aspiration process was 
repeated, and the final pellet was resuspended in BSA blocking solution (5 ml). 



b) Application pad preparation 
30 ~~ 

Indicator reagent (from Example 6.a) was diluted 1:30 with 145 milliliters of conjugate diluent comprising 
Tris (0.18 g, 10 mM at pH 7.4), 2% lactose (3.0 g) to decrease particle aggregation, alkaline treated casein 
(2%, 3.0 g) and goat IgG (300 mg, 2.0 mg/ml). The application pad material comprised resin bonded glass 
fiber paper (Lydall). The indicator reagent was coated onto the application pad material, the material was 
35 cut into 1/4 inch x 1/2 inch rectangles, and the pads were dried at 98" F. 



c) Chromatographic material preparation 

40 The capture situs was prepared by reagent printing anti-hCG antibody (0.1 mg/ml in TBS capture 
antibody diluent containing 0.1 M Tris HCI at pH 7.4, 1.0% sucrose, and 0.1% BSA) onto nitrocellulose 
sheets (8 inch x 10 inch, 5.0 uM Schleicher and Schuell). The sheet was then cut into 6 mm x 48 mm strips 
such that the cut was perpendicular to the 0.33 mm x 6.0 mm printed bar which contained approximately 
0.25 n\ of antibody per bar. The application pads of Example 6.b were placed over the bpttom 3 mm of the 

45 chromatographic strips, approximate^ 10 mm below the capture situs. The assay device was then enclosed 
in a holder leaving the top of the application pad exposed. 



d) Assay protocol 

50 " 

Test samples (0, 5.0, 50, 250 and 500 mlU/ml sample concentrations) were contacted to the application 
pad. The device was either dipped into the test sample to allow the application pad to hydrate or 60 U.I of 
the test sample was added directly to the pad. The test sample passed through the application pad thereby 
reconstituting the selenium colloid/anti-hCG antibody indicator reagent. If hCG was present in the test 
55 sample, then a selenium colloid/anti-hCG antibody/analyte complex was formed and migrated through the 
strip. The complex was immobilized at the anti-hCG antibody capture situs where the formation of a 
sandwich immunocomplex was detectable by the appearance of a dark signal. The 500 mlU/ml test sample 
resulted in a well-defined dark bar on the chromatographic material. The 250 mlU/mi test sample resulted in 
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a lighter bar on the chromatographic material. The 50 mlU/ml test sample resulted in a faint bar on the 
chromatographic material. And, the 0 and 5.0 MlU/ml test samples provided no visible color on the 
chromatographic material. • 

The concepts of the present invention are applicable to various types of chemical and binding assays. It 

5 will be appreciated, however, that one skilled in the art can conceive of many other assays, including 
assays for analytes other than antigens or antibodies, to which the present inventive concepts can be 
applied. The embodiments described and the alternative embodiments presented are intended as examples 
rather than as limitations. Thus, the description of the invention is not intended to limit the invention to the 
particular embodiments disclosed, but it is intended to encompass all equivalents and subject matter within 

10 the spirit and scope of the invention as described above and as set forth in the following claims. 

Where technical features mentioned in any claim are followed by reference signs, those reference signs 
have been included for the sole purpose of increasing the intelligibility of the claims and accordingly, such 
reference signs do not have any limiting effect on the scope of each element identified by way of example 
by such reference signs. 

75 

Claims 

1. An analytical device for determining the presence or amount of an analyte in a test sample, 
20 comprising: 

a chromatographic material having a proximal end and a distal end, wherein the test sample can travel from 
said proximal end to said distal end by capillary action, and wherein said chromatographic material contains 
a capture reagent immobilized in a capture situs and capable of binding to a member selected from the 
group consisting of the analyte, ah ancillary specific binding member and an indicator reagent; and 

25 an application pad in fluid flow contact with said proximal end of said chromatographic material, wherein 
said application pad receives the test sample and contains a diffusive indicator reagent capable of migrating 
from said application pad to said chromatographic material and capable of binding to a member selected 
from the group consisting of the analyte, said ancillary specific binding member and said capture reagent, 
and wherein the binding of said indicator reagent results in a detectable signal at said capture situs thereby 

30 indicating the presence or amount of the analyte in the test sample. 

2. The device according to Claim 1, wherein said capture reagent is uniformly immobilized within said 
chromatographic material to form said capture situs. 

3. The device according to Claim 1 , wherein said capture reagent is immobilized within said chromatog- 
raphic material to form at least one discrete capture situs substantially smaller in area than said 

35 chromatographic material. 

4. The. device according to Claim 1, wherein said capture reagent is immobilized within said chromatog- 
raphic material to form more than one separate parallel capture sites traversing the width of said 
chromatographic material. 

5. The device according to Claim 4, wherein said indicator reagent is a colloid-labeled antibody with a 
40 dissociation constant of less than the lowest analyte concentration to be detected. 

6. The device according to Claim 1 , wherein said capture reagent is immobilized within said chromatog- 
raphic material in a gradient pattern. 

7. The device according to Claim 1 , wherein 'said capture reagent is immobilized within said chromatog- 
raphic material to form at least one thin stripe. 

45 8. The device according to Claim 1 wherein said capture reagent is attached to microparticles, and 
wherein said microparticles are immobilized in said chromatographic material. 

9. The device according to Claim 1 , wherein said capture reagent is a specific binding member of a 
specific binding pair selected from the group consisting of biotin and avidin, carbohydrates and lectins, 
complementary nucleotide sequences, complementary peptide sequences, effector and receptor molecules, 

so enzyme cof actors and enzymes, enzyme inhibitors and enzymes, a peptide sequence and an antibody 
specific for the sequence and immunoreactants. 

10. The device according to Claim 1, wherein said indicator reagent comprises a label attached to a 
specific binding member. 

11. The device according to Claim 10, wherein said label comprises a member selected from the group 
55 consisting of chromag.ens, catalysts, fluorescent compounds, chemiluminescent compounds, radioactive 

isotopes, colloidal metallic particles, selenium particles, dye particles, enzymes, substrates, organic polymer 
latex particles and liposomes or other vesicles containing signal producing components. 
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12. The device according *to Claim 1, further comprising at least one signal producing component 
immobilized with said capture reagent on said chromatographic material. 

13. The device according to Claim 1, wherein 'said application pad comprises a member selected from 
the group consisting of nitrocellulose, polyethylene frit and glass fiber filter paper. 

5 14. The device according to Claim 1, wherein said chromatographic material comprises a member 
selected from the group consisting of cellulose, cellulose derivatives, nitrocellulose, fiberglass, cloth, porous 
gels, porous fibrous matrixes, starch based materials, ceramic materials and films. 

15. The device according to Claim 1, wherein said chromatographic material is a nitrocellulose 
membrane and said application pad is a glass fiber paper. 

70 16. The device according to Claim 1, further comprising a housing enclosing said application pad, 
thereby preventing the test sample from directly contacting said chromatographic material, wherein said 
housing has a means for applying test sample to said application pad. 

17. The device according to Claim 1, further comprising at least one ancillary specific binding member, . 
wherein at least one of said capture reagent and said indicator reagent is specific for said ancillary specific 

75 binding member. 

18. An analytical method for determining the presence or amount of an analyte in a test sample, using a 
chromatographic device according to Claim 1, comprising the steps of: 

a. contacting said application pad with the test sample suspected of containing the analyte, wherein 
the test sample contacts said indicator reagent, and wherein the test sample and said indicator reagent are 

20 transferred to said chromatographic material; 

b. allowing the test sample and said indicator reagent to migrate through said chromatographic 
material and contact said capture reagent resulting in the production of a detectable signal at said capture 
situs; and 

c. observing the detectable signal to determine the presence or amount of an analyte in the test 
25 sample. 

19. The method according to Claim 18, further comprising, simultaneously or sequentially adding a 
wicking solution with the test sample to said application pad. 

20. The method according to Claim 18, wherein said capture reagent is immobilized within said 
30 chromatographic material to form at least one discrete capture situs substantially smaller in area than said 

chromatographic material. 

21. The method according to Claim 18, wherein said capture reagent is immobilized within said 
chromatographic material to form more than one separate parallel capture sites traversing the width of said 
chromatographic material. 

35 22. The method according to Claim 18, wherein said capture reagent is immobilized within said 
chromatographic material in a gradient pattern. 
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